Eleven new highly fluorescent indolizines and bisindolizinyl ethylene derivatives were synthesized using azomethine ylides for 1,3-dipolar cycloaddition reactions. An investigation of the optical properties indicated a high tunable fluorescence, both in solid state and solution.
Introduction
Pyrroloazines are an important class of N-bridgehead heterocycles due to their interesting biological 1, 2 and optical properties, 3, 4 as demonstrated by the large volume of literature available on the subject. [5] [6] [7] [8] [9] [10] One of the most recent developments is the use of such compounds in optoelectronic devices, mostly as pure-color luminophores in OLEDs (organic light emitting diodes). 11, 12 Indolizine, resembling condensed pyridine and pyrrole rings, is the simplest pyrroloazine. The indolizine skeleton offers the possibility of fine tuning certain properties by varying the number and type of substituents. [13] [14] [15] An example is the synthesis of highly specific chemosensors obtained by linking 7-substituted indolizines to a cyclodextrine moiety. 16 Several synthetic methods for obtaining indolizines are known, one of the most versatile being 1,3-dipolar cycloaddition reactions with azomethine ylides.
14-21 N-Ylides are excellent staring materials for obtaining pyrrolo [1,2-b] pyridazines [8] [9] [10] [11] [12] [13] and other highly fluorescent pyrroloazines. [21] [22] [23] Our interest in pyrroloazines led us to investigate the influence of an ethylene spacer between two indolizine moieties, starting from 1,2-dipyridylethylenes using a sequence of 1,3-dipolar cycloaddition reactions involving azomethine ylides. Herein we report the synthesis and Scheme 1. Synthesis of indolizines 5 and 6.
In salts 3 and 4, the chemical shifts of the ethylene protons are shifted upfield to 8.10-8. 16 for H-7 and 7.89-8.01 for H-8 (J7,8 = 15.9 Hz) compared to the chemical shifts in compounds 5 and 6 at around 7.75 for H-9 and 7.20 for H-10 (J9,10 = 16.5 Hz). In both compounds 5 and 6, the characteristic proton signals of the indolizine moiety, H-5, H-6, and H-8 appear at around 9.50 (J5,6 = 7.7 Hz), 7.25 and 8.45 (J6,8 = 1.9 Hz), respectively. The 13 C-NMR data for compounds 5 and 6 are in accordance with the proposed structures.
The attempt to quaternize the pyridyl nitrogen atom in compounds 5 with -bromoacetophenone proved unsuccessful, probably due to the increased steric hindrance caused by the vinyl group in 2-position. The fluorescence spectra show a clear distinction between compounds 5a, 7 and 6a, and 8a,b indicating that the substituent in position 7 of the indolizine group strongly influences the fluorescent emission through the ethylene spacer. The pyridinium moiety in 7 causes a large bathochromic shift in the fluorescence emission spectra. Also, the 2-pyridyl group in 5 leads to a higher emission wavelength compared to that of 6 with a 4-pyridyl moiety. No significant shift differences were observed between 6a and 8a,b, the 4-pyridyl group having a minimal influence on the emission wavelengths. It should be noted that the most intense fluorescence bands correspond to the nonsymmetric 8b. Fluorescence excitation spectra (normalized at 360 nm) of 5a, 6a, 7, 8a,b at different emission wavelengths (λem): 520 nm 5a, 470 nm 6a, 555 nm 7, 420 nm 8a, 470 nm 8b.
Fluorescence quantum yields f have been calculated compared to quinine bisulfate in 0.1N H2SO4, with f = 0.55. The values observed are generally low, between 0.006 (for 5a) and 0.061 (for 8b). An interesting aspect is the large difference (more than double) between the quantum yields of 6a (0.018) and 8a (0.060), the two compounds having the same fluorophore. The fluorescence in all the compounds is much more intense in the solid state than in solution. The largest difference between solid and liquid measurements is shown by 5a, about 24 times more intense in the solid state than in DMSO solution. The similarities observed between 6a and 8a in solution can also be seen in the solid state, while compound 8b has a very similar fluorescence spectrum as compound 7.
Compared to 4-pyridyl-7-indolizines, 3 the fluorescence spectra in solution of 6 and 8 show similar emission wavelengths and intensities, in spite of the presence of the ethylene spacer. However, when comparing 2-pyridyl-5-indolizines 3 to 5, a bathochromic shift is noted for the latter, due to the decreased steric strain caused by the ethylene bridge. This is also responsible for the higher fluorescence observed for all the compounds in the solid state, probably due to a different molecular stacking. 
Conclusions
Eight new pyridinium salts and eleven new indolizine derivatives were synthesized, the latter by 1,3-dipolar cycloaddition reactions with azomethine ylides. The products were characterized using NMR and FT-IR spectroscopy. The fluorescence spectra of representative compounds of the series indicate possible use in optoelectronic or biolabeling applications. The influence of the substituents present on the indolizine ring was highlighted and, in comparison with previous results, the ethylene spacer has little influence in solution, but a significant one in the solid state.
Experimental Section
General. Melting points were determined on a Boëtius hot plate. The NMR spectra were recorded on a Varian Gemini 300 BB instrument (300 MHz for 1 H and 75 MHz for 13 C). Supplementary evidence was obtained by HETCOR and COSY experiments. The IR spectra (ATR) were recorded on a Vertex 70 Bruker instrument. Elemental analyses were determined on COSTECH Instruments EAS32 (Centre for Organic Chemistry, Spl. Independentei 202B, Bucharest 060023, Romania). Starting materials 1, 2, and reactants as purchased from SigmaAldrich were used without further purification. Spectrophotometric studies have been performed with Perkin Elmer, Lambda 35 absorption spectrophotometer, and fluorescence steady-state emission and excitation spectra were recorded with JASCO FP 6500 spectrofluorimeter at 23 C. All spectrophotometic measurements have been performed in 1 cm path length quartz cuvettes.
General procedure for the preparation of (3) and (4)
To a solution of (E)-1-(2-pyridyl)-2-(4-pyridyl)ethylene 1 (0.91 g, 5 mmol) or (E)-1,2-bis(4-pyridyl)ethylene 2 (0.91 g, 5 mmol) in acetone (50 mL) was added the corresponding -bromoacetophenone (6 mmol). The mixture was left in a sealed Erlenmeyer flask for 24 h. The precipitate formed was filtered off and washed with acetone. Salts 3 and 4 were subsequently used without any further purification.
General procedure for the preparation of (5, 6), and (8) To a suspension of salt 3, 4, or 7 (2 mmol) in dichloromethane (20 mL) was added DMAD (310 mg, 2.2 mmol) or ethyl propiolate (215 mg, 2.2 mmol). A solution of triethylamine (0.3 mL, 2 mmol) in methylene chloride (5 mL) was added dropwise under vigorous stirring. After 20 min, the reaction mixture was washed with water (50 mL) 3 times, ethanol (96%, 30 mL) was added and the resulting precipitate was filtered off and washed with absolute ethanol. The crude product was purified by column chromatography (short column of standardized aluminum oxide 90, methylene chloride). (E)-1-[2-(4-Cyanophenyl)-2-oxoethyl]-4-[2-(pyridin-2-yl) (E)-Dimethyl 3-benzoyl-7-(2-pyridin-2-yl-vinyl)indolizine-1,2-dicarboxylate (5a) 
(CH2). (E)-1-[2-(4-Cyanophenyl)-2-oxoethyl]-4-(2-(pyridin-4-yl)vinyl)pyridinium bromide (4d).

